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1 Bibliografische Beschreibung 
Katharina Köhlert 
Titel: Disruption of the right temporoparietal junction using transcranial magnetic stimulation 
impairs the control of shared representations of action 
Universität Leipzig, Dissertation 
60 Seiten, 112 Literaturangaben, 1 Tabelle, 9 Abbildungen 
Referat 
Previous research and current models have proposed that the right temporoparietal junction 
(rTPJ) is crucially involved in the control and distinction of shared representations of action. 
Hitherto, this assumption has mainly been based on neuroimaging work ( (Spengler, von 
Cramon, & Brass, 2009); (Spengler, von Cramon, & Brass, 2010)) 
We tested this hypothesis, that the rTPJ is causally involved in managing shared representations 
by using repetitive transcranial magnetic stimulation in an offline paradigm to disrupt neural 
activity in this region. Using a simple imitation-inhibition task we showed that stimulation of the 
rTPJ led to increased reaction times when participants had to control automatic imitation of a 
perceived hand movement, as they had to concurrently plan and execute an opposite movement.  
Our study provides the first empirical evidence that the rTPJ is necessary for managing and 
navigating within a shared representational system. These results may also have important 
implications for future theorizing about the role of the TPJ region in controlling shared 
representations also in other domains, such as somatosensation or emotional experiences. 
 4 
 
2 Introduction 
Several neuropsychological papers have investigated the topic of shared representation (Thomas, 
Press, & Haggard, 2006). In order to describe the system of shared representation, different 
theories outlining the principles of imitation, need to be discussed. One related system is the 
mirror system (Beauchamp, 2005). The fundamental property of this system is that viewing and 
execution of actions share a common representational and neural substrate. These shared 
representations of action thereby facilitate unintentional motor mimicry, which means the 
imitation of an observed action through automatic activation of the shared representational 
system. An automatic control system is necessary in order to not imitate a seen action every 
time.  Previous studies and several models have outlined that the right temporo- parietal junction 
(rTPJ) plays a crucial role in this matter. These papers state that the control and distinction of 
shared representation is supported by the mentioned brain region. However, these assumptions 
were only made on the basis of neuroimaging studies. Within this study we tested the hypothesis 
that the rTPJ is causally involved in managing shared representations by using repetitive 
transcranial magnetic stimulation in an offline paradigm to disrupt neural activity in this region. 
Our experimental setup included a simple imitation- inhibition task. During this task the 
participants had to lift either their middle or their index finger in response to a number that was 
presented on a computer screen. At the same time, congruent and incongruent movements were 
shown on the computer screen, too. Then, the stimulation was performed, followed by a second 
measurement.  The measured reaction times of the pre-stimulation test and the post-stimulation 
were compared with each other and between the different stimulation sites.  
But before mentioning the experimental setup in detail and analyzing our results, necessary facts 
will be outlined in order to understand the principles of this paper, will be. We will, therefore 
 5 
 
pay attention to functional neuroanatomy and especially to the TPJ region. Furthermore, the 
basics of the TMS will be explained. Not just the history, the physical basis and the medical use 
will be mentioned, but also the additional method of the rTMS, which played an important role 
in our paper, will be explained.  
 
2.1 Imitation 
Imitation means to copy someone’s action. This means, observing an action leads to a direct 
activation of an internal motor representation in the observer. Therefore seeing an action can lead 
to the same action in the observer. This subject has been the center of different behavioral or 
neurophysiologic studies. (Brass & Heyes, 2005) 
Furthermore, the control of imitation has also been the center of many investigations. The 
control of imitation is important in order to perform an appropriate, goal-directed behavior. 
 
2.1.1 Automatic imitation and mirroring 
Different studies in the field of cognitive neuroscience have dealt with the topic of automatic 
imitation and mirroring.  
These studies show that seeing an action and performing this particular action activates the same 
motor representation in the observer. They also describe the theory of shared representations of 
actions, meaning that the internal representation of an action is shared between self and other (de 
Vignemont & Haggard, 2008). 
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Such ‘mirroring’ reactions have been found in a broad range of domains and comprise responses 
on a behavioral and/ or neurophysiological level (Beauchamp, 2005). For example, the 
observation of hand or foot movements can lead to an automatic facilitation of this action 
(Spengler S. , 2008), elicit motor-evoked potentials from the specific muscles responsible for this 
movement ((Strafella & Paus, 2000), (Fadiga, Fogassi, Pavesi, & Rizzolatti, 1995)) and activate 
‘mirror system’ regions in the rostral ventral premotor and parietal cortex in the observer, which 
are also active during the actual execution of this action (Buccino, Binkofski, Fink, Fadiga, 
Fogassi, & Gallese, 2001). Another example could be watching someone else in pain and 
actually experiencing pain, activates overlapping regions in the anterior cingulate cortex (ACC) 
and the anterior insula (Singer et al 2004). These findings predict a tendency for ‘automatic’ 
imitation of seen actions in the observer.  
Although action observation may thus usually lead to an unintentional tendency to imitate the 
observed action through automatic activation of the shared representational system, overt 
imitation is not the default behavior in healthy adults. In most everyday situations non-imitative 
responses are preferred over imitative responses.  
In order to overcome the automatic imitative response tendencies, a control mechanism is 
necessary. This control mechanism will be outlined in the following chapter. 
 
2.1.2 Control of automatic imitation  
The question at how we are able to exert control over automatic imitative response tendencies 
has so far received little interest. This is also of theoretical importance because inhibiting 
automatic imitative behavior could be seen as a prime example of controlling the shared 
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representations of actions that become automatically occur though the observation of others’ 
actions. Controlling and distinguishing motor representations that are shared between self and 
other are therefore crucial requirements.  So far, one influential model has suggested that the 
non-overlapping parts of the shared representational system might support mechanisms that 
allow such a distinction between self and other related actions ((Jeannerod, 1999), (Jeannerod, 
2003)). This so-called ‘who’ system would thus be the basis to code explicitly who, oneself or 
another agent evoked the corresponding motor representation. It would allow one to discriminate 
and inhibit the other-evoked motor program. Furthermore, it would enable us to maintain and 
reinforce intentionally generated motor representations. It has even been suggested that spinal 
excitability during observation of actions may be suppressed to prevent an overt replication of 
the seen action (Baldissera, Cavallari, Craighero, & Fadiga, 2001). Discrimination of self- or 
other agency (‘sense of agency’), that is, attribution of motor representations to the correct agent, 
thus seems to play a crucial part in controlling and distinguishing shared representations (Decety 
& Sommerville, 2003). In turn, the underlying elementary functions of this system have been 
proposed to be key contributors to more complex social cognitive abilities, such as theory of 
mind (ToM) and empathy ((Decety & Grezes, 2006), (Decety & Lamm, 2006)).  
Although the neural correlate of the Who-system has not been explicitly specified in these 
accounts (Georgieff & Jeannerod, 1998), several functional magnetic resonance imaging studies 
(fMRI) have suggested that the right temporo-parietal junction (rTPJ) is crucial during the 
control of shared representations of action ((Brass & Heyes, 2005) (Brass, Ruby, & Spengler, 
2009) (Spengler, von Cramon, & Brass, 2009)). Support for this account comes from 
investigations in both healthy populations and neurological patients using an experimental 
paradigm known as the ‘imitation-inhibition task’. Previous research of our group has suggested 
that mechanisms needed to control automatic imitation induced by unintentional ‘mirroring’ of 
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observed actions rely on the rTPJ, which was also activated during agency processing and 
self/other distinction in the same study ((Spengler, von Cramon, & Brass, 2009) (Spengler, von 
Cramon, & Brass, 2010)). Similarly, neuroimaging studies on the sense of agency have 
repeatedly shown rTPJ activations, when participants had to distinguish one’s own action from 
someone else’s action (Decety & Lamm, 2007). Furthermore, the control of shared 
representations of emotional experiences, such as empathy for pain, also necessitates the 
activation of the rTPJ (Cheng, et al., 2007). 
 
2.2 Functional Neuroanatomy 
In order to understand the location of the areas stimulated in the following study, the most 
important landmarks of the brain must be known. On the lateral surface of the cerebral 
hemisphere, three significant orientation points can be found. First, there is the lateral fissure, 
which is a prominent fissure between the frontal and parietal lobes above and the temporal lobe 
below (Afifi & Bergmann, 1998). Next, there is the central sulcus, which splits the postcentral 
and precentral gyrus. Finally, an imaginary line between the occipital notch and the parieto-
occipital sulcus represents the third landmark. Collectively, they divide the brain into four lobes: 
frontal, parietal, temporal and occipital.  
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2.2.1 Temporo-parietal junction (TPJ) 
The Temporo-parietal junction is an area between two lobes of the brain. There is, on the one 
hand, the parietal lobe and, on the other hand, the temporal lobe (Mort, et al., 2003).  
The parietal lobe of the brain is divided into the superior parietal lobe and the inferior parietal 
lobe by the intraparietal sulcus. The inferior parietal lobe (BA 39,40) contains two important 
structures - the angular gyrus (ANG) and the supramarginal gyrus (SMG) (Spengler S. , 2008). 
Together both areas summarize and interpret important sensory information from different 
primary sensory cortical areas. In the case of a failure of these regions an inability to provide 
high-level cognitive performance (reading, arithmetic, symbolic thinking) must be expected 
(Deller & Sebesteny, 2007). 
Next to the inferior parietal lobe, parts of the temporal lobe - the superior temporal gyrus (STG, 
BA 22) and the superior temporal sulcus (STS) - can be found. The temporal lobe, with its parts 
of the Heschl´s gyri, the primary auditory cortex and Wernicke´s area, plays a crucial role in 
understanding spoken language.  
In order to describe this area, called the TPJ, different theories can be used.   
One potential anatomic outlining describes the TPJ is determined as the cortex at the intersection 
of the posterior end of the STS, the inferior parietal lobule, and the lateral occipital cortex 
(Corbetta, Patal, & Shulman, 2008). 
Another possibility is the definition of the TPJ as the area enclosed by a triangle linking the 
following points: A, the origin of the ascending posterior segment of the lateral 
fissure (LF); B, the point of intersection of a vertical line dropped from point A down to the STS; 
and C, the origin of the ascending posterior segment of STS (Mort, et al., 2003). 
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Figure 1. Lateral ROIs. Anatomical parcellation of a 3D-rendered patient's brain (for details, see 
Methods). The limits of the TPJ (temporoparietal junction) are marked by black and white discs.ANG = 
angular gyrus; SMG = supramarginal gyrus; STG = superiortemporal gyrus; J = sulcus of Jensen. 
Bounding sulci are IPS(green), LF (blue) and STS (purple). 
 
Based on its locations, it is hard to define the TPJ area anatomically, therefore, this region has so 
far been described by its function and its activation during different task (Spengler S. , 2008). 
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2.2.2 Function of the right TPJ 
As a region that contains influences from several lobes of the brain, the rTPJ is involved in a 
variety of different cognitive functions. Several functional magnetic resonance imaging studies 
have tried to explain the different functional roles.  
One function the rTPJ plays a crucial role in is the process of putting one’s own body in context 
within inputs from the environment and integrating multimodal information from the lateral and 
posterior thalamus, the visual, auditory, somaesthetic and limbic areas (Decety & Lamm, 2007). 
In addition, the rTPJ is also important in different higher-level aspects of social cognition, such 
as ToM (Theory of mind) and empathy (Spengler S. , 2008). 
Another function discussed by different investigators is the out-of-body experience (OBE), i.e. 
seeing one’s body from an external perspective ((Blanke & Arzy, 2005), (Blanke, Ortique, 
Landis, & Seeck, 2002)).   
So when the rTPJ is damaged, the most common effect is a left hemifield spatial neglect. This 
shows that the rTPJ is not just interesting for investigators in the neuropsychologic field but also 
from the medical perspective.   In order to describe the function in more detail, the process of 
TMS could be useful.  
 12 
 
 
Figure 2. Activation likelihood estimation maps (ALE) in the right temporoparietal junction projected on 
a partially inflated lateral view of the PALS-B12 brain atlas. The yellow to orange colors code the 
probability of activation, with brighter yellow indicating higher activation probability. Note that the 
activation peaks are localized very closely, whereas the extent of activation is slightly different across the 
four conditions ((Decety & Lamm, 2007), (Spengler S. , 2008)).  
 
2.3 Transcranial magnetic stimulation (TMS) 
Transcranial magnetic stimulation (TMS) has become an important noninvasive neuroscientific 
method.  Several neurophysiologic investigations of the central and peripheral nervous systems 
in humans use this technique in their experimental set ups.  
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The first use of this technique was made by Faraday in 1831 (Cowey, 2005). Throughout the 
years the investigative domain of TMS has expanded and now encompasses causal structure–
function relationships across the whole gamut of cognitive functions and associated cortical 
brain regions. But TMS is not just used as a research tool in cognitive neuroscience, it is also 
used in the field of neurological diagnostic. Furthermore, TMS is used in the field of psychiatry 
to treat otherwise intractable depression.  
TMS is a procedure that stimulates different brain areas with the help of a strong magnetic field. 
This strong magnetic field can cause excitatory effects but also inhibitory effects in the cerebral 
cortex. In this study, the inhibitory effect will be used and further explained. Not only the 
difference in effectiveness plays a crucial role in our investigation, but also the different ways of 
performing TMS. Repetitive transcranial stimulation, which exerts a lasting effect on brain 
function even after the stimulation has ceased is a special performance of TMS and is also used 
and explained in detail in the following chapters of this paper.  
Additionally, this paper pays addresses to the physical basis of TMS and gives a brief outline of 
the history of TMS. 
 
2.3.1 History 
The first step in the development of modern TMS was made by Faraday in 1831 (Cowey, 2005). 
He discovered the principle of electromagnetic induction, a process in which a magnetic field 
generates electrical energy and vice versa. During the following years, investigators pointed out 
the connection between electrical current and nerve cell activity. In 1875 Ferrier confirmed those 
discoveries by using electrical currents in to directly stimulate the cortex in dogs and monkeys 
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(e.g. (Walsh & Cowey, 2000)). D’Arsonval, in 1896, provided evidence for the physiological 
effects of a magnetic field  (Gauggel, Knops, & Städtgen, 2007). He reported that placing one’s 
head inside of a powerful magnetic coil (110V, 30A, 42 HZ), could produce phosphenes, vertigo 
and even syncope (George & Belmaker, 2007). Those phenomena were probably produced by 
peripheral nerves, e.g. the vertigo could be induced by the vestibular nerve (Siebner & Ziemann, 
2007). In 1910 Thompson experimented on himself, but again the phosphenes were due to retinal 
not cortical stimulation (Walsh & Cowey, 2000). 
After an extended research arrest, most likely caused by the world wars, new discoveries in TMS 
research were made. With the help of magnetic fields, stimulation of peripheral nerves was 
possible. Kolin et al. showed that the stimulation with alternating magnetic fields of the prepared 
sciatic nerve of a frog, muscle contraction can be generated (Gauggel, Knops, & Städtgen, 2007).  
In 1965 Bickford and Freeming also stimulated peripheral nerves, but within alive animals and 
humans. 
20 years later, in 1985, Barker and his colleagues from Sheffield reported the first successful 
magnetic stimulation of the human motor cortex (Walsh & Cowey, 2000). Improving the 
stimulators led to better handling and thus to clinical applications. In connection with newly 
developed coils, such as “the figure of eight”- coil, more accurate stimulation was possible 
(Gauggel, Knops, & Städtgen, 2007). 
Under these conditions, further studies were performed in order to figure out the function of 
different brain areas and the medical use of the magnetic stimulation. For example, some 
investigators discovered that they could selectively stimulate visual, somatosensory and auditory 
cortex to produce illusory sensory perceptions, especially Amassian et al. 1993,Walsh and Leone 
2003; Walsh and Cowey 1998 published studies, which described the alteration of perceptual 
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and cognitive abilities, e.g. visual search, visual neglect, motion perception and memory 
(Cowey, 2005). 
Today, studies are made that include functional neuroimaging techniques, like PET, SPECT, 
EEG or MRI. With this combination, investigators can observe local responses to TMS (George 
& Belmaker, 2007). 
In summary, TMS has evolved greatly during recent years and will have an important influence 
on how different studies are conducted.  
 
2.3.2 Physical Basis of TMS 
The functional basis of TMS is the electric field, which can excite nerve cells by application to 
the neuronal tissue. A change of free charge into coherent motion in the intracellular and 
extracellular space produces the excitement. In short, the electric field drives an intracranial 
electrical current (Hallett, 2005). The electrical current can depolarize the membrane and can 
produce an action potential. This process starts with the resting membrane potential, which is 
about -70 millivolts (mV). This potential is caused by the relative concentrations of sodium 
(Na+), potassium (K+) and chloride (Cl-) and is kept in balance by the sodium-potassium ion 
pump and passive diffusion. If an electrical stimulation is applied, the membrane of the neuron 
will be depolarized from -70 mV to -40mV (George & Belmaker, Transcranial magnetic 
Stimulation in Clinical Psychiatry, 2007). This is called a suprathreshold stimulus and always 
leads to an action potential. After the membrane potential reaches - 40mV, Na+- channels open; 
this causes an ionic flow and a change of the membrane potential to about +20mV. After this 
potential is reached, K+-channels open, the repolarization begins and the resting membrane 
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potential is restored. This is not a local response, as the depolarization propagates in the direction 
of the unexcited regions. The speed of the reaction depends on four attributes. First, the velocity 
is influenced by the properties of the membrane. Furthermore, it rises when the internal 
longitudinal resistance of the axons is lowered the membrane capacity is lowered and the 
membrane resistance is increased (Lang & Lang, 2007). 
 
 
Figure 3.  Neuronal Transmembrane Potentials (Paulev, 2000) 
 
All these processes build on the principle of the electric field. Transcranial magnetic stimulation 
takes advantage of those principles by using the coil. The coil is the primary circuit, with a time- 
varying current, that induces an electric field and consequently a current flow in a secondary 
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circuit, the brain. However, the magnetic field is generated by the changing current in the coil 
and has no effect on the activation of nerve cells themselves. It merely mediates the interaction. 
That means a proportional dependence, e.g. no neural excitation occurs with stationary magnetic 
field (Hallett, 2005).  
Also, the shape, the location and the orientation of the coil and the electrical conductivity 
structure of the scalp, skull and brain, are influencing factors (Hallett, 2005).  
Compared to other transcranial stimulation techniques, like Transcranial Electrical Stimulation 
(TES), TMS shows some differences. First of all, the orientation and distribution is significantly 
contrary. During a magnetic stimulation, the electric field propagates parallel to the scalp, which 
makes the spread more predictable and is one reason for stimulating mostly the superficial cortex 
and not deeper areas of the brain, e.g. basal ganglia. Another is the reduced stimulating effect, 
with increased distance between coil and scalp. An additional advantage of the TMS is the 
transparency of scalp and skull to the magnetic field. Therefore, the magnetic field is not 
diminished, and with the lack of protection from TMS, the induced current can be smaller than 
with other methods.  
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2.3.3 TMS stimulatore 
Figure 4. Diagram of the circuit of a simple magnetic stimulator. (Barker, 1999) 
 
 All TMS machines share the same basic set up, even if there are different manufactures. The 
main components of the basic power electronics circuit are the capacitor, a thyristor switch, and 
the stimulating coil. Additionally, there is the resistance in the coil, the cables, thyristor and the 
capacitor. Together this is called the stimulation circuit.  
There are different types of stimulators. First of all, the single-pulse device, which is the most 
widely used stimulator type (Hallett, 2005).  
These stimulators generate stimuli with a repetition rate lower than 1 Hz, e.g. current pulse 
duration of 200 to 300 µs for biphasic and about 600µs for monophasic pulses (Hallett, 2005). It 
is primarily used for cortical mapping and electrophysiological studies (George & Belmaker, 
Transcranial magnetic Stimulation in Clinical Psychiatry, 2007). 
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Another stimulator type can be found in the paired-Pulse and Dual-Pulse Devices. The method of 
this stimulation depends on two pulses that are divided by an alterable time frame from 1 to 1000 
ms in 0,1 ms steps and are driven through the same coil (George & Belmaker, Transcranial 
magnetic Stimulation in Clinical Psychiatry, 2007). The agitation of the singular pulse can be 
adapted individually. The paired pulse method is an appealing procedure to control the 
impulsiveness of the cortex and a means for studying of fast, powerful 
inhibitory effects. The dual pulse TMS mode uses two stimulator units to induce different coils 
in order to stimulate various areas of the brain simultaneously.  The third type of stimulators are 
the rapid rate devices, which can deliver trains of stimuli up to 60 hertz and rely on biphasic 
pulses of 200-300 µs in duration for rapid recharge of the capacitor (George & Belmaker, 2007). 
Because it works with such high power levels, there are many demands on the technique and the 
design, which makes the rTMS to the most ambitious stimulator type. Its main use lies in a range 
of neuropsychiatric clinical research (George & Belmaker, 2007).   
Along with the stimulators, the coil has an important function as well. The dominant factors that 
influence the extent of the agitated area and the direction of the affected current flow, are the 
form, the extent and the adjustment of the coil. 
In order to successfully stimulate different brain areas, knowledge of structure and the associated 
stimulation pattern is essential. 
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The circular coil was the first commercially manufactured coil (Siebner & Ziemann, 2007). The 
maximum of the electric field is a ring wrapped around the center and slightly wider than the 
coil. This is the area where the nervous tissue is stimulated. By contrast, no electric field is 
spreads, directly below the coil. Because of the inaccuracy of the coil, it is used mainly in studies 
where the exact location of the stimulation area is not clear. Therefore, it is not suited for 
accurate topographic investigations. This coil, however, is still used today because of its ability 
to stimulate deeply. Another advantage is that it rarely overheats. The circular coil is mainly used 
in the field of clinical neurophysiological routine investigations. 
 
2.3.4 rTMS 
There are different types of application forms of TMS, like the single-pulse application or the 
repetitive application, which is called repetitive TMS (rTMS). 
The rTMS method can be applied as a low-frequencyt version or a high- frequent one. Low-
frequent rTMS can be applied 5 to 30 minutes with a stimulation rate of about 1Hz. High-
frequent rTMS has a frequency of 1 to 50 Hz and has a stimulation time between 1 second and 
10 minutes.  
During the development of the instrumentation different limiting factors have been found. 
Earlier, the bounding factor was the recharging time of the capacitor, which limited the 
frequency. Today, the heat development of the coil, plays the most important, which is 
counteracted by water-cooled coils. Another important factor is the size of the coil, which limits 
the place of application or the numbers of simultaneous stimulations (Gauggel, Knops, & 
Städtgen, 2007). 
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The rTMS method has gained more and more scientific interest due to the ease of the 
experimental setup, which focuses on the lasting effect after application for a certain period of 
time. With using the effect of setting a short-term lesion, the failure of cognitive functions can be 
simulated and the localization can be examined. The advantage of TMS is that it allows 
unambiguous statements about it whether an area is necessary for a cognitive function, especially 
in contrast to fMRI, which shows a whole network and is not absolutely necessary to perform 
this function. By using this method in our study, it is possible to show that exactly which rTPJ 
region is necessary to perform the tasks.  
Next to the scientific interest, rTMS has an important medical use in the treatment of depression, 
obsession, compulsive disorders and spasticity.  
 
2.3.5 Medical Use 
Because TMS influences the function of inhibitory or activating effects, it is used in three main 
fields (Gauggel, Knops, & Städtgen, 2007). 
The first one is the diagnostic field. The technique we use here is the motor evoked potential 
(MEP). The transcranial magnetic stimulation of the motor cortex can trigger different muscle 
contractions, which depend on the location of stimulation on the primary motor cortex. The 
excitement is led to the corticospinal tract or the corticonuclearis tract, which can be summarized 
as the pyramidal tract, and ends at the motor neurons in the anterior horn of the spinal cord. 
From there it is directed to the efferent nerves of the muscles and causing a contraction (Deller & 
Sebesteny, 2007). This anatomic understanding shows that diseases in the motor cortex as well 
as the pyramidal tract, the motorneurons, the spinal cord and the peripheral nerves can lead to 
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changes in the MEPs. With electrodes, those MEPs can be measured and compared to normal 
values. Using the result, we can diagnose different diseases, such as multiple sclerosis and 
amyotrophic lateral sclerosis (ALS) (Gauggel, Knops, & Städtgen, 2007). 
The second field is neurocognitive science, where TMS can influence the function of different 
cortical areas. Those very different functions can be localized and complex processes like 
memory, speech and attention can be analyzed. In order to gain such evidence TMS is often 
combined with imaging procedures like MRT or PET. Another addition to TMS is the 
stereotactic navigation system, which can increase the accuracy of the procedure. Combing TMS 
with additional methods is a good way to understand the principal of cause and effect (Gauggel, 
Knops, & Städtgen, 2007). 
The third field in which TMS can be used medically is treatment, especially in the area of 
psychiatric disorders.  
The most important disorder that is treated this way is depression. TMS is a safe and reliable 
technique that does not have side effects or severe complications. Under these circumstances, 
this operation is superior to electroconvulsive therapy (ECT), which is often used in a treatment-
resistant depression. New studies even specifically shows that TMS should be performed no later 
than three drug treatments, including pharmacological potentiation (Aliño, Jiménez, Flores, & 
Alcocer, 2010). 
All in all TMS is a safe procedure that can be applied easily. These are the main reasons why the 
TMS is used in such a wide range of medical purposes.  
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3 Own Study: Aims and research questions 
As already described in the introduction is the topic of ‘shared representation’. ‘Shared 
representation’ outlines the principle that seeing and performing an action leads to the same 
internal representation in the observer (de Vignemont & Haggard, 2008). Several studies have 
dealt with this scientific approach and have predicted a tendency for automatic, unintentional 
imitation in the observer. Although action observation may usually lead to motor contagion, an 
automatic tendency to imitate the observed action, overt imitation is not the default behavior in 
healthy adults (Spengler, Koehlert, Ott, Brass, & Schütz-Bosbach, in prep). In most everyday 
situations, non-imitative responses are preferred over imitative responses (Spengler, Koehlert, 
Ott, Brass, & Schütz-Bosbach, in prep).  
Therefore, the question arises about the possibilities of control over automatic imitative response 
tendencies. Even though this question is important for purposeful behavior and necessitated by 
the action-perception overlap, it has not receive a lot of interest during scientific investigations.  
 A recent model, the ‘who’ system ((Jeannerod, 1999); (Jeannerod, 2003)) describes the 
mechanisms that allow a distinction between self or other related actions. It clarifies by whom, 
oneself or another agent, the corresponding motor representation was evoked. Furthermore this 
assumption presents the option to control the shared representational system,  allowing one to 
discriminate and inhibit the other-evoked motor program (Spengler, Koehlert, Ott, Brass, & 
Schütz-Bosbach, in prep). 
All in all, the discrimination of self or other agency forms the center of controlling shared 
representation (Decety & Sommerville, 2003). In some studies ((Decety & Lamm, 2006); 
(Decety & Grezes, 2006)), it has been shown that the already above-mentioned systems are 
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simply a fundamental component of more complex negotiations, such as theory of mind (ToM) 
and empathy. The responsible neural structures could not be explicitly resolved in these accounts 
(Georgieff & Jeannerod, 1998). However, several fMRI studies have suggested that the right TPJ 
(rTPJ) plays an essential role in the control of shared representations for action ((Spengler, von 
Cramon, & Brass, 2009); (Brass, Ruby, & Spengler, 2009)) This account is supported by 
investigators in two populations, first in a healthy community and second in a population of 
neurological patients. The experimental paradigm that which was used is known as the imitation-
inhibition task. The principle of this task has already been outlined before. In a study of Brass in 
2000, an interference effect was described. In contrast to congruent trails, reaction time was 
slowed down while performing incongruent trails (Brass, Bekkering, Wohlschlager, & Prinz, 
2000).  
In Spengler`s paper from 2009 it was shown that the mechanisms needed to control automatic 
imitation have the same neural origin as functions that are used for agency processing and self or 
other distinction. Similarly, rTPJ activation was shown in neuroimaging studies on the sense of 
agency, in which the participants had to decide between their own action and someone elses 
action (Decety & Lamm, 2007). Furthermore, the control of shared representations of emotional 
experiences, such as empathy for pain, also necessitates the activation of the rTPJ (Cheng, et al., 
2007). 
However, a study using an fMRI experimental setup cannot identify whether activity in the TPJ 
is causally necessary for separation and control of shared representation. Our present study hence 
investigated for the first time whether disruption of the rTPJ with repetitive transcranial magnetic 
stimulation (rTMS), using a theta burst stimulation (TBS) protocol, reduces the control and 
distinction of such shared representations for action, measured by the reaction time data in the 
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imitation-inhibition task (Spengler, Koehlert, Ott, Brass, & Schütz-Bosbach, in prep). During 
this experiment, the participants had to complete the imitation-inhibition task before and after the 
rTMS stimulation. Part of the set up was a two day session. On one day the rTPJ region was 
stimulated, and on another day a control region, the vertex, was stimulated.   
We hypothesized that stimulation to the rTPJ should impair self/other distinction and thus lead to 
an enhanced interference effect in the imitation-inhibition task, mainly driven by the incongruent 
condition, necessitating the control of the shared representation system in comparison to the 
congruent condition. 
 
3.1 Research Questions 
First of all, we based our hypothesis on the assumption that the rTPJ is causally involved in the 
control and distinction of shared representations. Until now, this statement has mainly been 
proved in neuroimaging work. With our work, we wanted to provide the first empirical evidence 
that the rTPJ is a necessary prerequisite for managing and navigating with a shared 
representational system. By using a simple imitation-inhibition task, we hypothesized that 
stimulation of the rTPJ leads to increased reaction times when participants had to control 
automatic imitation of a perceived hand movement, as they had to concurrently plan and execute 
an opposite movement.  
We will discuss potential implications because our results may also have an important impact on 
future theorizing about the role of the TPJ region in not only controlling shared representations 
of actions, but also in other domains. 
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4 Materials and Methods 
4.1 Participants 
Six volunteers participated, in the experiment, three women and three men. The mean age was 
28 years, within a range of 23 to 32 years. All participants were right- handed and had a normal 
or corrected-to-normal vision.  
The experiment was undertaken with the understanding and written consent of each subject and 
in compliance with national legislation and the Code of Ethical Principles for Medical Research 
Involving Human Subjects of the World Medical Association (Declaration of Helsinki). The 
study was approved the locals ethics committee of the University of Leipzig.  Furthermore, all 
participants underwent a screening procedure prior to the experiment to check for any exclusion 
criteria (e.g. neurological or psychiatric disorder, pregnancy, cigarette consumption or drug use). 
 
4.2 General procedure 
The experiment was separated into two sessions, which were at least 24 hours apart, in order to 
exclude the possibility of carry-over effects from one session to another. The mean of days 
separating the session were 4.7 days within a range of 2 to 8 days. In each session one site (TPJ 
or control site vertex) was stimulated, while the order of stimulation was fully counterbalanced 
across participants.  
On the day of the first session, each participant received a description of the experiment and 
signed a declaration of consent. This was followed by giving the participants written instructions 
on the imitation-inhibition task and on practicing the task with 20 trials.  
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This procedure was followed by two possible branches of the experiment. In one session the TPJ 
was stimulated and in the other the vertex. The vertex is defined as the area of the apical surface 
of the skull. In this study we used the vertex as our control region.  
 
Figure 5.  Design of the experiment. An offline TM paradigm was used, in which participants were first 
given the imitation-inhibition task before TMS (baseline), then received theta-burst stimulation of either 
the TPJ or vertex (in separate sessions), and finally completed the imitation-inhibition task again. The 
order of stimulation was counterbalanced across participants. 
 
At the beginning, all participants performed the imitation-inhibition task without TMS (pre- 
TMS condition). Afterwards, the resting motor threshold (rMT) was defined and then the rTMS 
stimulation, using a theta-burst protocol, followed. 5 minutes after stimulation, the imitation-
inhibition task (post- TMS condition) was completed. The waiting period of 5 minutes was 
included in the experiment because maximal effects of theta-burst occur after 7 to 14 minutes of 
stimulation (Huang et al., 2005).  
 28 
 
4.3 Imitation-Inhibition task 
During the imitation-inhibition task the participants had to lift either their index or middle finger 
in response to a number (1 = lift index finger, 2 = lift middle finger). At the same time, 
congruent and incongruent movements were shown on the computer screen. 
 
 
Figure 6.  Imitation-inhibition task. During the imitation-inhibition task participants have to respond to a 
number on the monitor (1 or 2) by lifting their index- or middle finger. Concurrently, either the same 
movement (congruent condition) or the opposite movement is presented (incongruent condition). 
Displayed are two example stimuli for both conditions and the required response of the participant. 
 
If the intended action of the participant was equal to the observed action on the screen, it would 
be congruent trials, which normally would be performed faster because the participants did not 
have to differentiate between both actions (Brass, Bekkering, Wohlschlager, & Prinz, 2000). 
Incongruent trials on the other hand were performed with a longer reaction time. The participants 
were given an instructed movement that differed from the observed action and, therefore, had to 
control the tendency for automatic imitation, induced by unintentional ‘mirroring’ of observed 
actions in the shared representational system (Spengler, Koehlert, Ott, Brass, & Schütz-Bosbach, 
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in prep). This control of the shared representational system thus relies on the ability to 
distinguish one’s own action from someone else’s action (Spengler, Koehlert, Ott, Brass, & 
Schütz-Bosbach, in prep). 
Additionally, the participants were given baseline trials, which consisted of an instructed 
movement but without a performed action on the computer screen.  
During the task, the trials were presented pseudo-randomly, which means not more than four 
repetitions of one condition in a row. All in all, there were 40 incongruent trials, 40 congruent 
trials and 40 baseline trials that were divided into four blocks with an equal number of trials. 
The video sequence started with the frame showing a right hand of a subject in a resting position 
for 660 ms. Then for two frames of 34 ms, the finger movement (incongruent and congruent 
trials) or a still hand (baseline trial) was shown. At the end of the video sequence, the finger was 
displayed in the end position for 660ms. With the onset of the movement, the imperative 
stimulus was presented. The reaction time was measured with a custom built keypad. The 
keypad contained two light sensors, which were covered by the middle and index finger of the 
participant`s right hand. In the case of lifting a finger, the light sensors recorded the response. 
Due to this procedure, exact reaction times could be measured, and wrong reactions could also 
be analyzed. 
 
4.4 TMS- protocol 
In order to perform rTMS, we had to determine the location. This process was performed with a 
frameless stereotactic positioning system, BrainSight TMS (V.1.7, Rogue Research Inc. 
 30 
 
Montreal, Canada).  The definition of the target sites was based on the anatomic landmarks in 
each subject, using their high-resolution T1-weighted magnetic resonance images (MRIs). 
Those MRIs were done before our experiment was performed, and we were able to use the 
pictures in our database. The TPJ site was defined as the junction of the supramarginal, angular, 
and superior temporal gyrus ((Blanke, et al., 2005); (Decety & Lamm, 2007); (Tsakiris, 
Costantin, & Haggard, 2008)). 
 
 
 
Figure 7. Yellow dot: Averaged location of the rTPJ activation in the imitation-inhibition task 
(incongruent minus congruent condition) in three functional neuroimaging studies (x: 51, y: -49, z: 25) 
(Brass et al., 2005, 2009; Spengler et al., 2009).Red dot: Location of the stimulation site in the rTPJ in the 
present study, averaged across participants (X; 48, y:-46, z: 33). 
 
Before the start of the stimulation, we had to determine the motor threshold (rMT) of the 
participants.  The rMT means the minimal stimulation intensity, which is needed to induce a 
motor-evoked potential with an amplitude of > 50 μV in 5 out of 10 trials (Rossini et al., 1994). 
After defining the rMT, we set the strength of the stimulator to 80% of this value. 
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We used an offline TMS protocol rather than an online paradigm to prevent any influences from 
the online TMS stimulation on reaction times ((Terao et al., 1997); (Spengler, Koehlert, Ott, 
Brass, & Schütz-Bosbach, in prep)). 
Each session consisted of 600 TMS pulses, which were given in a continuous theta-burst 
stimulation (TBS) protocol. Three pulses at 50 Hz were given in burst that was repeated every 
200 ms for a total of 40 s. Stimulation was generated through a Magstim rapid2 stimulator with a 
connected 70-mm figure of eight coil (Magstim Company, Whitland, UK) (Spengler, Koehlert, 
Ott, Brass, & Schütz-Bosbach, in prep). 
Before the stimulation took place, we had to define the rMT of every participant. The rMT is 
known as the minimal stimulation intensity, which is able to creat a motoe-evoked potential with 
an amplitude of > 50µVin 5 out of 10 trials.(Rossini, Barker, Berardelli, Caramia, Caruso, & 
Cracco, 1994) The strength with which the stimulation was performed was set with 80% of the 
participant’s rMT. 
 
4.5 Data analysis 
We used SPSS Version 13 (Chicago, SPSS Inc.) to analyze the behavioral data of our imitation- 
inhibition task  
In this analysis we only paid attention to data that was delivered during the first half of the 
experiment (lasting 4 minutes). The first half of the experiment was picked for the analysis 
because different cognitive-behavioral TMS papers ((Banissy, Sauter, Ward, Warren, Walsh, & 
Scott, 2010); (Catmur, Walsh, & Heyes, 2009); (Iezzi, Suppa, Conte, Agostino, Nardella, & 
Berardelli, 2010); (Rosenthal, Roche-Kelly, Husain, & Kennard, 2009); (Vallesi, Shallice, & 
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Walsh, 2007) showed that the effects in the cognitive domain were rather short-lived, about 2 to 
16 min, and just occurred in a specific time window during the experiment. The most important 
study, which had a great influence on our study because it had a similar experimental set up, was 
delivered by Catmure and colleagues (2009). They showed in their paper that TMS had only an 
effect on the RTs in the first block, which lasted around 5 minutes. Other studies, (Rosenthal, 
Roche-Kelly, Husain, & Kennard, 2009) however, also picked the first half of the experiment. In 
their study, the effect was found in the middle of the experiment in one out of 12 blocks, which 
lasted around 2,2 min and was found 16 min after stimulation. An additional study of Banissy of 
2010 showed most likely no effect in their stimulated regions compared with the control region 
vertex in the first and possibly last block, but most likely only in the middle two blocks. In this 
experiment, each block lasted 3 minutes and the testing started 5 minutes after stimulation. 
Furthermore, the absolute length of the effect may depend on several factors, e.g. the functions 
of the stimulated region, the size of the stimulated region and the anatomical connections. This 
means that the length of the effect does not indicate a weakness of the stimulation effect.  Our 
stimulation targeted the TPJ region, a rather large, higher-associative area, which is anatomically 
rather loosely defined. Our TMS stimulation could therefore only deactivate a part of the large 
TPJ area, thus making it likely that, with decreasing effects of the stimulation, the respective 
functions would be for more quickly. Also, a linear increase of recovery does not necessarily 
have to follow. Additionally, our study only focused on the right TPJ, as this region has been 
activated more consistently in attribution of agency studies. Less pronounced activation of the 
left TPJ however also co-occurred in several studies on agentic processing, making it possible 
that these functions were compensated for far more quickly, compared to functions that are only 
unilateral.   
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Most importantly, our TPJ stimulation led to relatively strong effects in the first blocks (Cohen’s 
d 0.4 and 3.3., which equals a medium to very large effect size). All in all, studies with a similar 
investigation and similar experimental set ups and the strong stimulation effects during the first 
half of our experiment should justify the decision to analyze of the first blocks of our behavioral 
study.  
Another point, that has to be outlined before discussing the results, is that we analyzed the 
amount of interference and not facilitation or inhibition RT effects compared to the baseline 
condition. This was due to the fact that in the baseline condition, half of the participants showed 
higher or similar RTs than in the incongruent condition, replicating the findings of other studies 
with this paradigm (Spengler, von Cramon, & Brass, 2010). Under these circumstances, the 
baseline condition may not be suitable as a ‘reference’ condition. The analysis was, therefore, 
based on the amount of interference, meaning incongruent minus congruent condition for RTs or 
errors.  
A further point that also has to be mentioned is the use of the participant’s age as a covariant in 
the ANOVAs. This was performed in order to exclude the possibility that the behavioral effects 
are influenced by a participant’s age. This phenomenon can often be found in interference 
effects. (McCabe, Robertson, & Smith, 2005) (McLaughlin, Szostak, Binns, Craik, Tipper, & 
Stuss, 2010) 
 
 
 
 34 
 
5 Results 
A repeated-measurements ANOVA was performed on the reaction time data with the within-
subject factors time (pre-, post-TMS), stimulation site (TPJ, Vertex), and condition (incongruent, 
congruent trials). This revealed most importantly a significant three-way interaction between 
time, stimulation site and condition (F(1,4) = 16.3, p < 0.016). Furthermore, a significant main 
effect of condition (F(1,4) = 48.6, p < 0.002) was found. No other main effects or two-way 
interactions reached significance. More details on the RT data of the 4 different conditions (pre 
TMS vertex, pre TMS TPJ, post TMS vertex and post TMS TPJ) are shown in the table below.  
 
Table 1. Mean ± SEM of RTs for the two trial types in the four rTMS conditions. 
 
 
Condition 
 
Congruent incongruent 
pre-TMS Vertex 
 
369 ± 16 425 ± 20 
pre-TMS TPJ 
 
379 ± 22 427 ± 24 
post-TMS Vertex 
 
333 ± 32 354 ± 35 
post-TMS TPJ 
 
378 ± 13 436 ± 20 
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Next to the three-way interaction, more significant two-way interactions could be found. Firstly, 
a simple interaction analysis revealed that there was a significant two-way interaction between 
time (pre-, post- TMS) and condition (incongruent, congruent trials) for the TPJ stimulation site 
(F(1,4) = 8.3, p<0,0045, Cohen’s d= 0,4). This effect was only found for the TPJ site and not the 
vertex. Additionally, no other main effects reached significance (Spengler, Koehlert, Ott, Brass, 
& Schütz-Bosbach, in prep). Altogether, this indicates that the interference effect was 
significantly increased only in the TPJ after TMS stimulation.  
 
Figure 8.  Behavioral effects of rTMS stimulation on TPJ and vertex. Magnitude of disruption following 
TBS to the TPJ or Vertex.  A) We calculated the difference between the post-TMS and the pre-TMS 
interference score (RTs in ms). A disruption (i.e. a higher interference score) following stimulation is 
shown by a positive value. Displayed are within-subjects errors bars (TPJ: 13.7, vertex: 15.1, calculated 
according to Loftus & Masson, 1994 (67) which is more appropriate for a within-subject design). 
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Secondly, another simple interaction analysis revealed that there was a significant two-way 
interaction between stimulation site and the condition, but only in the post-TMS session 
(F(1,4)=12,5 p<0,02, Cohen’s d=3.3). The meaning of this significant interaction is, as expected, 
that the interference effect under TPJ stimulation was larger than under vertex stimulation. No 
significant two-way interaction could be found for the pre-TMS session, whether it was tested on 
day 1 or day 2 (F(1,4)< 1). 
 
 
Figure 9. Behavioral effects of rTMS stimulation on TPJ and vertex. B) Mean interference effect 
for reaction times (incongruent minus congruent trials) after TPJ and vertex stimulation. 
Displayed are within-subjects errors bars (calculated according to (67) which is more appropriate 
for a within-subject design. 
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In the post TMS session only the main factor condition (F(1,4)=72.1, p<0.001, but not the main 
effect of stimulation site (F(1,4)=3.1, p<0.15) was found to be significant. 
Planned t-tests indicated that this interaction effect in the post-TMS session was driven by 
slower mean reaction times in incongruent trials under TPJ stimulation compared to Vertex 
stimulation (t(5) = -1.9, p < 0.05, one-tailed). Reaction times in congruent trials did not differ 
between the TPJ and Vertex stimulation (t(5) = 1.3, p < 0.1, one-tailed).  
It is important to note that we observed a moderate training effect from pre- to post-TMS session 
in our control condition with TMS-stimulation over the vertex (accounting for unspecific effects 
of TMS). Such a training effect was corroborated when we compared the size of the interference 
effect in the two pre-TMS sessions (session day 1: 59.7 ms, session day 2: 44.3 ms). Most 
importantly, however, stimulation of the TPJ abolished this training effect and led furthermore to 
an increased inference effect from the pre- to post-TMS session. 
At last a separate three- way mixed-factor ANOVA was performed. Included in this ANOVA 
were time, condition and the stimulation site order as the between-subject factor. This analysis 
did not show a significant three-way interaction (F(1,4)<1), which means that the order of 
stimulation site did not have an influence on the modulation of the interference effect. Regarding 
error rates, a repeated-measurements ANOVA for the post-TMS session did not reveal any 
significant interaction effect (F(1,4)<1) and no other significant effects. 
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6 Discussion  
We hypothesized that rTPJ is causally involved in the control and distinction of shared 
representations. Furthermore we predicted that by interrupting rTPJ with stimulation, this ability 
would be decreased and lead to increased reaction times.  
Our findings confirmed this idea by showing that the mean interference effect in the imitation-
inhibition task was increased under TPJ stimulation compared to stimulation of a control region. 
Furthermore, this effect was mainly driven by prolonged reaction times in the incongruent 
condition, when one’s own and observed action representations were conflicting.  
These findings are in line with several neuroimaging studies using the same paradigm, which 
found increased activation of the rTPJ during the incongruent condition. Additionally, the 
present study extended these findings by showing that the rTPJ is causally necessary to manage 
shared representations of actions, allowing the individual to intentionally control their own 
action representations, despite the property of the action system to automatically mirror other 
people’s actions.  
Some critical points could, however, be seen in this study.  
The first critical point could be that our observed results are merely due to unspecific effects of 
rTMS over the TPJ or a purely attentional effect. It has been shown in previous studies that 
rTMS may lead to an unspecific arousal effect, (Drager, Breitenstein, Helmke, Kamping, & 
Knecht, 2004) and thus to faster reaction times. However, we did not observe any significant 
main effect of time (before or after rTMS delivery) on the reaction times. It is, therefore, 
implausible that our index of controlling shared representations, the interference score, was 
influenced by such general attentional effects. The experiment also included an active TMS 
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control site to check for secondary nonspecific effects of TMS (e.g. somatic and tactile 
stimulation, startle effects), and, most importantly, we did not find a main effect of stimulation 
site in the post-TMS session in the RT data. 
Furthermore our findings also match results from two other rTMS studies, which focused on the 
role of the rTPJ during agency processing (Preston & Newport, 2008) and self-other distinction 
(Uddin, Molnar-Szakacs, Zaidel, & Iacoboni, 2006). These studies showed that the rTPJ is 
involved in discriminating perturbations of virtual arm reaching movements and in 
distinguishing self-faces from familiar faces, respectively. Our experiment crucially extended 
these findings by revealing that the rTPJ is also necessary for the distinction and control of 
shared representations between action and perception. It has been proposed that the sense of 
agency and the ability for self-other distinction arise from the need to manage the shared 
representational system for actions (Sebanz, 2007), especially in interactive situations involving 
other actors. This may be in situations where we perform actions jointly with others, when we 
imitate, or more importantly when performing a counter-imitative movement. This can be 
explained by an example. Such as seeing someone in disgust activates the same brain regions as 
somebody feeling disgust himself. Altogether, this means that the same internal representations 
of actions are activated when seeing someone perform a movement as well as when planning and 
executing this particular action on one’s own. This means those action representations are neutral 
with respect to the agent of the action. It was, suggested that an additional mechanism is needed 
to allow self-attribution of our own actions, the ‘Who-system’ (Georgieff & Jeannerod, 1998).  It 
has been assumed from neuroimaging findings that the rTPJ is the neural correlate of the Who-
system ((Decety & Lamm, 2007); (de Vignemont & Fourneret, 2004)). Most importantly, our 
previous neuroimaging study showed that the control of automatic imitation relies on the rTPJ, 
and that this same region was also activated during a task on agency processing within the same 
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study (Spengler, von Cramon, & Brass, 2009). This suggests that the same specific process 
dedicated to distinguishing one’s own action from someone else’s action is also required during 
the control of the shared representational system, measured by the suppression of automatic 
imitation. Our present findings, moreover, confirm that this cortical region is causally necessary 
for the control and distinction of shared representations of action. 
Why is the TPJ region in particular essential for the sense of agency and self-other distinction? 
The TPJ seems to become involved when representations of one’s own body have to be related 
to inputs from the environment, and this integration of multimodal signals allows the monitoring 
of the correspondence of these inputs. This area receives crucial vestibular information 
(Lenggenhager, Smith, & Blanke, 2006) and further multisensory (visual, somatosensory, 
auditory) input ( (Beauchamp, 2005); (Matsuhashi, et al., 2004)) suggesting a contribution to the 
sense of body ownership and agency or self-other distinction (Blanke & Arzy, 2005). Farrer and 
Frith (2002) (Farrer & Frith, 2002) reported an involvement of the right inferior parietal cortex 
when participants did not feel in control of the movement and attributed it to another agent. The 
right inferior parietal lobe is activated when subjects observe their own actions being imitated 
compared to when they imitated others’ actions  (Decety, Chaminade, Grezes, & Meltzoff, 
2002), and when subjects imagine actions from someone else’s perspective but not from their 
own (Ruby & Decety, 2001). Furthermore, damage to this area has been implicated in producing 
out-of-body experiences and highlights the role of the TPJ in the conscious experience of the 
normal self-mediating spatial unity between self and body (Blanke, Ortique, Landis, & Seeck, 
2002). 
Moreover, the TPJ also plays a critical role in various higher-level aspects of social cognition, 
such as ToM and empathy. Some researchers have even argued that the (right) TPJ is the pivotal 
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component for ToM ( (Saxe & Wexler, 2005); (Young, Camprodon, Hauser, Pascual-Leone, & 
Saxe, 2010)). TPJ activation, however has also been reported in non-social tasks that require one 
to redirect attention or to detect salient events in the environment ( (Astafiev, Shulman, & 
Corbetta, 2006); (Corbetta & Shulman, 2002); (Downar, Crawley, Mikulis, & Davis, 2000); 
(Mitchell, 2008). Recent research tried to specify the underlying functional role of the TPJ in 
these different processes. In a quantitative meta-analysis, considerable overlap of activations 
could be found between ToM tasks, agency processing, empathy and attentional reorienting 
(Decety & Lamm, 2007). This suggests that the activation in the TPJ during social cognition may 
rely on a lower-level, domain-general computational process that is involved in testing internal 
predictions about sensory, external events ((Corbetta, Patel, & Shulman, 2008); (Decety & 
Lamm, 2007)).  In the context of the imitation-inhibition task, although only in incongruent trials 
where the observed movement does not match the intended movement, this region, signaling 
discrepancies between predicted and perceived events, may be needed to detect deviations of the 
observed behaviour from the motor intention.  
Our study only focused on the right TPJ, as this region has been activated more consistently in 
attribution of agency studies. However, less pronounced activation of the left TPJ also co-
occurred in several studies on agentic processing ((Farrer & Frith, 2002); (Farrer C. , et al., 
2008); (Schnell, et al., 2007)), as well as during the imitation-inhibition task (Spengler, von 
Cramon, & Brass, 2009), making this region unsuitable as a control region in the current TMS 
study. There is evidence that both the right and left hemisphere may be involved in the sense of 
agency for self and other. During reciprocal imitation self-related actions versus other related 
actions activated the left and right TPJ, respectively (Decety, Chaminade, Grezes, & Meltzoff, 
2002). The left TPJ was also less activated in autistic individuals, who performed more poorly on 
the imitation-inhibition task  (Spengler, Bird, & Brass, 2011). Furthermore, in a recent fMRI 
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study only the left pSTS differentiated between perceived causality of motion, either intended by 
an agent or passively caused by an external force (Morris, Pelphrey, & McCarthy, 2008). 
Lateralization of the TPJ might thus be an important topic in further investigations concerning 
the attribution of action-effects (Jackson & Decety, 2004). Therefore, it may be of interest for 
future studies to additionally stimulate the left TPJ to investigate the specificity of the rTPJ for 
the control of shared representations. 
On open research question is whether the rTPJ only codes self/other distinction for shared 
representations of actions, as investigated in the current study, or also in other modalities, that 
have shown mirroring reactions. Recent studies have provided evidence suggesting that shared 
representations exist not only for actions, but also for sensations and emotions. Seeing someone 
else being touched activated the secondary somatosensory cortex (SII), overlapping with the 
region in the SII when the participants themselves were being touched ((Blakemore S. J., 
Bristow, Bird, Frith, & Ward, 2005); (Keysers C. , Wicker, Gazzola, Anton, Fogassi, & Gallese, 
2004)). Concerning emotional mirroring, functional neuroimaging studies have shown that 
observing facial expressions of disgust and feelings of disgust (e.g. smelling a disgusting 
odorant) both led to increased activation of the insula  (Wicker, Keysers, Plailly, Royet, Gallese, 
& Rizzolatti, 2003). Furthermore, observing someone else being in a painful situation and the 
actual experience of pain activated under both conditions overlapping parts of the ACC and 
anterior insula ((Morrison, Lloyd, di Pellegrino, & Roberts, 2004); (Singer, Seymour, O'Doherty, 
Kaube, Dolan, & Frith, 2004)). Therefore, it may be possible that the TPJ plays an important role 
for distinguishing self- or other-related representations in general and independent of modality. 
In line with this idea, a recent study by Cheng and colleagues (2007) (Cheng, et al., 2007) 
showed that controlling shared representations for pain leads not to activations of the pain matrix 
(anterior cingulate cortex, anterior insula) during pain perception, but rather to activations of the 
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TPJ and the medial prefrontal cortex (mPFC), which may be crucially involved in top-down 
control during emotional processing and empathic responses ((Lamm, Batson, & Decety, 2007); 
(Decety & Lamm, 2007)). Accordingly, automatic activation of shared representations for 
emotional experiences of self and other might be modulated by the mPFC and TPJ network, 
which supports meta-cognitive, reflective awareness of these emotional states (Olsson & 
Ochsner, 2008).  
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7 Conclusion 
As already mentioned before, previous research and current models have proposed that the rTPJ 
is crucially involved in the control and distinction of shared representations of actions, but until 
now, this assumption has mainly been based on neuroimaging work (Spengler, von Cramon, & 
Brass, 2010).  
In this study we tested this hypothesis by using rTMS, an investigation that has never been done 
before. Furthermore, by using a simple imitation-inhibition task, we showed that stimulation of 
the rTPJ led to increased reaction times when participants had to control automatic imitation of a 
perceived hand movement, as they had to concurrently plan and execute an opposite movement 
(Spengler, Koehlert, Ott, Brass, & Schütz-Bosbach, in prep). 
Altogether, this shows that our study provides the first empirical evidence that the rTPJ is 
necessary for managing and navigating within a shared representational system (Spengler, 
Koehlert, Ott, Brass, & Schütz-Bosbach, in prep). 
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